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STRETCHED MICROPOROUS MATERIAL 



The present invention is directed to microporous material charartori,,^ * ^ «. 
of finely divided particuiate substantially fmJtt!ZSSS^^!^^ A™* Pr ° POrti ° n 
methods for making the same Most often the f d 3 V6ry h,gn void content - to 

tube having a thickness acrL S ^oZTZ^lT^ * h the f ° rm ° f 3 ^ she< * fi ""' ° r 
5 miliimeter. and in this form /ertl£toK£J?S^ * fr0m 3b0Ut °- 03 t0 *«* °* 

surprisingly and wholly unexpected b^fi^tT^^-**™" 10 t0UCh which « 
capacity to pass water vapo^ while rJSl ,Z V 9 ° f ' n0r93nic filler P resent - » h *s the 

hence ft is suitable for SiSSTT ° f *** W3ter 3,1(3 3 ^ solutions, and 

absorptive products such as wipe rs "ape s. ^^T^T IT^ T**' «* 
>o such properties are desirable. Even when ft Sns^Tal ^ ^ " apkinS 3nd ,ik * 

than 0.25 miliimeter. it has utility as a ^mS^^T^^ materi3 ' is substan ^lly greater 
slow release of medicaments o^Z aT^kZTTJZ T^' 1234 ' 0 "' SUbstrate for 1,19 

useful material from which the petals of ISfZe™^ usesJn the thin form it is an especially 
perfume and/or coiprant when d'esired *t£ ZZZ ZlTa^L^ C0nt3i " 
rs including, by way of illustration, continuous fibers nZZ, P ? "! ,n 3 Wld8 varie * of <W* forms, 
woven fibrous mats. ^"t'nuous fibers, non-continuous fibers, hollow fibers, and woven and non- 

cons^^ -teria, comprising: (a, a matrix 

ultrahigh molecular weight poSZT^ f ^ 3 ' P ° ,y0,efin which is essen ^'V "near 

» essentially linear ultrahigh mote^ of * ,ea * *oul 18 deciliters/gram. 

deciliters/gram. or a mixture thSof tie mltrifcZrilinn 1 9 "l mtrinSiC V '' SC0Sity ° f at ,east 6 
ultrahigh molecular weight pot,^SSiST!^TT Str8tch - induced ™"*^'y oriented 
substantially water-insoiuble siHceous ^SSLST^ ^ (b> ^ divided «**»■"» 
about 50 percent to about 90 percent by wtqhtlf ft e ^ *" fi " er constf ™"9 from 

« interconnecting pores communicating material/and (c) a network of 

80 percent by volume of the microporous material m ' Cr0P ° r0US matena '- *° P°™ constituting more than 

Another embodiment of the invention is a method comorisinn «t«h.hi M 
* at least one stretching direction to a stretch ratio of Sto?2J? 5 2 miCr ° P ° rOUS material 

comprising (a) a matrix consisting essentially of Ll«X7n« ,\ 1 * p , r9Cursor ™croporous material 
» which is essentially linear ultrahigh m^^^Z^tT^ 1 "* ht 
about 18 deciliters/gram, essentially linear ultrahiah mX .* u 9 ™ ' ntnn5,c viscosi ^ of at 
viscosity of at least about 6 deciiite^ Z TTZ^^Zi TST^ ^ *" inMnsic 
water-insoluble siliceous filler distributed th ol^t^^iL V t'^ PartiCUlate substa "«ally 
to about 90 percent by weight of said rriJS^^S'Z ^TT 9 fr ° m 3b0Ut 50 percent 
communicating throughout the precursor micropomus male al* £^£T r * f interc ° n "*^9 P«res 
to about 80 percent by volume of the orecursor mfJ^T ■ P S constltutin 9 from about 35 percent 
materia, which is ^L^ J^^^Z^^ * micro ^ 
direction of at least about 1.5. and which ccmortes^Tl lZ 38 3 ^ ratio in the stretchin 9 
linear ultrahigh molecular weight polyo efin ^Z^a^TZ^T^ ° f *• e5sentia "' 

regions of stretch-induced moLl^JSiec u2nh Lt, f**^ micr °P 0 ™s material comprising 
the matrix of the stretched micro^mS^ 
stretched microporous material, and (f, a neS o M£n!!L!r^ Bd ^ matrix of the 

stretched microporous material, the po es «to<££EZ^ **" commun,oa «' 1 9 throughout the 
percent by volume of the stretched mi^ro«Sal m,Cr ° POrOUS material «™«Mno more tha " 80 

and induces regions of molecular oSStan 1 ftet SS ^JT^^ ^ V ° ,Ume ° f 1,16 material 
known in the art. many of the physi cS Z^ T^L ? T W&9ht {UHMW) polyolefin - ^ is w *» 
jnciuding tensile strength, tensile ST^'^SStS ^ d ^ nCP, ? ,B ° r9an '' C P ° lym9r ' 
th corresponding thermoplastic organic polymer havTnVS nTl ^ Considerab, y *«" those of 
desired to be bound by any theory it is beHeTd Xa Z 1 J Tj CU,ar orientatio "- ^though it is not 
molecular orientation, ft. high J^^SS^HTHi ETT* ° f *° UHMW P ° ly0,efin - *° re 9 |ons * 
many of the desirable propel ch«£??2 S£r S^SSS*?*** 40 ^ 

The microporous material is non-isotropic that is mTnorl invention, 
pore or microvoid si.es are not the s^eT^^^l ITf * lpe8 « ! disWbutions of 

«s perpendicular to the surface as in planes parallel to the 
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surface. 

Inasmuch as UHMW polyolefin is not a thermoset polymer having an infinite molecular weight, it is 
t chnicaily classified as a thermoplastic. However, because the molecules are essentially v ry long chains. 
UHMW polyolefin, and especially UHMW polyethylene, softens when heated but does not flow as a molten 
5 liquid in a normal thermoplastic manner. The very long chains and the peculiar properties they provide to 
UHMW polyolefin are believed to contribute in large measure to the desirable properties of the microporous 
material. 

As indicated earlier, the intrinsic viscosity of the UHMW polyethylene is at least about 18 
deciliters/gram. In many cases the intrinsic viscosity is at least about 19 deciliters/gram. Although there is 
w no particular restriction on the upper limit of the intrinsic viscosity, the intrinsic viscosity is frequently in the 
range of from about 18 to about 39 deciliters/gram. An intrinsic viscosity in the range of from about 18 to 
about 32 deciliters/gram is preferred. 

Also as indicated earlier the intrinsic viscosity of the UHMW polypropylene is at least about 6 
deciliters/gram. In many cases the intrinsic viscosity is at least about 7 deciiiters/gram. Although there is no 
75 particular restriction on the upper limit of the intrinsic viscosity, the intrinsic viscosity is often in the range of 
from about 6 to about 18 deciliters/gram. An intrinsic viscosity in the range of from about 7 to about 16 
deciliters/gram is preferred. 

As used herein and in the claims, intrinsic viscosity is determined by extrapolating to zero concentration 
the reduced viscosities or the inherent viscosities of several dilute solutions of the UHMW polyolefin where 
20 the solvent is freshly distilled decahydronaphthalene to which 0.2 percent by weight, 3,5-dl-tert-butyl-4- 
hydroxyhydrocinnamic acid, neopentanetetrayl ester [CAS Registry No. 6683-19-8] has been added. The 
reduced viscosities or the inherent viscosities of the UHMW polyolefin are ascertained from relative 
viscosities obtained at 135°C. using an Ubbelohde No. 1 viscometer in accordance with the general 
procedures of ASTM D 4020 81. except that several dilute solutions of differing concentration are 
25 employed. ASTM D 4020-81 is, in its entirety, incorporated herein by reference. 

The nominal molecular weight of UHMW polyethylene is empiricaily related to the intrinsic viscosity of 
the polymer according to the equation: 
M = 5.37 x lO 4 ^] 1 37 

where M is the nominal molecular weight and [j>] is the intrinsic viscosity of the UHMW polyethylene 
30 expressed in deciliters/gram. Similarly, the nominal molecular weight of UHMW polypropylene is empiricaily 
related to the intrinsic viscosity of the polymer according to the equation: 
M = 8.88 x 10 4 [tj] 125 

where M is the nominal molecular weight and [n] is the intrinsic viscosity of the UHMW polypropylene 
expressed in deciliters/gram. 

35 The essentially linear ultrahigh molecular weight polypropylene is most frequently essentially linear 
ultrahigh molecular weight isotactic polypropylene. Often the degree of isotacticity of such polymer is at 
least about 95 percent, while preferably it is at least about 98 percent. 

Sufficient UHMW polyolefin should be present in the matrix to provide its properties to the microporous 
material. Other thermoplastic organic polymer may also be present in the matrix so long as its presence 

40 does not materially affect the properties of the microporous material in an adverse manner. The amount of 
the other thermoplastic polymer which may be present depends upon the nature of such polymer. In 
general, a greater amount of other thermoplastic organic polymer may be used if the molecular structure 
contains little branching, few long sidechains, and few bulky side groups, than when there is a large amount 
of branching, many long sidechains, or many bulky side g oups. For this reason, the preferred thermoplastic 

45 organic polymers which may optionally be present are low density polyethylene, high density polyethylene, 
. poly(tetrafiuoroethylene), polypropylene, copolymers of ethylene and propylene, copolymers of ethylene 
and acrylic acid, and copolymers of ethylene and methacryfic acid. If desired, all or a portion of the 
carboxyl groups of carboxy (-containing copolymers may be neutralized with sodium, zinc or the like. It is 
our experience that usually at least about 70 percent UHMW polyolefin, based on the weight of the matrix, 

so will provide the desired properties to the microporous material. In most cases, however, it is preferred that 
the other thermoplastic organic polymer be substantially absent. 

The finely divided substantially water-insoluble siliceous filler used in the present invention is par- 
ticulate. As present in th microporous material, th filler may be in the form of ultimate particles, 
aggregates of ultimate particles, or a combination of both. In most cases, at least about 90 percent by 

55 weight of the filler used in preparing the microporous material has gross particle sizes in the range of from 
about 5 to about 40 micrometers as determined by use of a Model TAII Coulter counter {Coulter 
Electronics, Inc.) according to ASTM C 690 80 but modified by stirring the filler for 10 minutes in Isoton II 
electrolyte (Curtin Matheson Scientific, Inc.) using a four-blade, 4.445 centimeter diameter propeller stirrer. 
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Preferably at least about 90 oerronf k 
- Partide si2es h the *. microporous m^^S^^ be reduCed duri "9 

**» Site «T^E? "J***., alumina sifa o^L^f" «™n U m « ci 

fumed silica is most often used P ^ S '" Ce ° US ««■ Of the silicas, plated , T 
75 The particularly preferred . Precipitated silica, silica gel. or 

- 178.178. 218-233. ae^S^^Slir^ ^ ^£SS No^ ^ » 

* Joes not precipice. H£ ge ' £ ^ * ' ow ' *• 8- pS Soe not Sh"*"*" 96 ' phas ^ d 
dimensional network of con*,; ' may be Ascribed as a nn™ SetUe out - h to sav it 

«™ 'arge. solid ^TSSSS^ * "**" ^^ZlT^ *«■ X* 

«"ca to soft gelatinous masses ZZ P ' C Partictes - *e dBow ^ JJ%* to of subdivision ranges 
although the highly hydraTed "? 0 " the order of 100 W of ^ ten ' a,most 

Ke^ 

-** precipitation m ° T S ? .-^^^ fr ™ o a aT 7^*^*52 

Particles, it may be ^ ™ *^ b e metal salt produced TZZL T P "" ^ coa 9"'*nt used to 

Precipitated silica powders 2££S? Vary • Proration. The sizes of 

•ncorporated herein by referent ^"'^""Ssschrift 35. 45 615 tZ Un ' ted States Patent No 

9 ~ — »-r tt r^-; 
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25 



30 



percent to about 85 no 
■ ^ b y weight is p ZZ bY We ' ght ° f me ^-Porous materia, Frorn ah 

as (U H m0r am0Un,S ' usua, 'y than abo ut « " 60 P8rCent to •** 80 

°" « .mpregnant-free basis do™, P *° SeS ' is •"•"UaHy the 

^croporo^ ma If T Mn * 9 **" '"ore f*" 85 percent «* volume of £ m ! cro P°^ 

-^S^SsresSS 

where cf is the / \ * 2 / 

The m,> mawmum pore diameter i*Z rUn; oth erwise it 

■ne weight ration of 
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filler to polymer powder employed in forming the mixture is essentially the same as that of the precursor 
microporous material and that of the stretched microporous material to be produced. The mixture, together 
with additional processing plastlcizer. is introduced to the heated barrel of a screw extruder. Attached to the 
extruder is a sheeting die. A continuous sheet formed by the die is forwarded without drawing to a pair of 
heated calender rolls acting cooperatively to form continuous sheet of lesser thickness than the continuous 
sheet exiting from the die. The continuous sheet from the calender then passes to a first extraction zone 
where the processing plasticizer is substantially removed by extraction with an organic liquid which is a 
good solvent for the processing plasticizer, a poor solvent for the organic polymer, and more volatile than 
the processing plasticizer. Usually, but not necessarily, both the processing plasticizer and the organic 
extraction liquid are substantially immiscible with water. The continuous sheet then passes to a second 
extraction zone where the residual organic extraction liquid is substantially removed by steam and/or water 
The continuous sheet is then passed through a forced air dryer for substantial removal of residual water and 
remaining residual organic extraction liquid. From the dryer the continuous sheet, which is precursor 
microporous material, is passed to a take-up roll. 

The processing plasticizer has little solvating effect on the thermoplastic organic polymer at 60°C. only 
a moderate solvating effect at elevated temperatures on the order of about 100°C. and a significant 
solvating effect at elevated temperatures on the order of about 200' C. It is a liquid at room temperature and 
usually it is processing oil such as paraffinic oil. naphthenic oil. or an aromatic oil. Suitable processing oils 
include those meeting the requirements of ASTM D 2226 82. Types 103 and 104. Preferred are those oils 
which have a pour point of less than 22'C according to ASTM 0 97-68 (reapproved 1978). Particularly 
preferred are oils having a pour point of less than 10°C. Examples of suitable oils include Shellflex® 412 
and Shellflex© 371 oil (Shell Oil Co.) which are solvent refined and hydrotreated oils derived from 
naphthenic crude. ASTM D 2226-82 and ASTM D 97-68 (reapproved 1978) are. in the entireties 
incorporated herein by reference. It is expected that other materials, including the phthalate ester 
plastlcizers such as dibutyl phthalate. bis(2-ethylhexyl) phthalate. diisodecyl phthalate. dicyclohexyl 
phthalate. butyl benzyl phthalate, and ditridecyl phthalate. will function satisfactorily as processing plasticiz- 
©rs. 

There are many organic extraction liquids that can be used. Examples of suitable organic extraction 
liquids Include 1,1.2-trichloroethylene. perchloroethylene. 1 .2-dichloroethane. 1.1.1-trichloroethane. 1 12- 
trichloroethane, methylene chloride, chloroform, isopropyl alcohol, diethyl ether and acetone. 

In the above described process for producing precursor microporous material, extrusion and calen- 
denng are facilitated when the substantially water-insoluble filler carries much of the processing plasticizer 
The capacity of the filler particles to absorb and hold the processing plasticizer is a function of the surface 
area of the filler. It Is therefore preferred that the filler have a high surface area. High surface area fillers are 
materials of very small particle size, materials having, a high degree of porosity or materials exhibiting both 
charactenstics. Usually the surface area of the filler itself is in the range of from about 20 to about 400 
square meters per gram as determined by the Brunauer, Emmett, Teller (BET) method according to ASTM 
C 819-77 using nitrogen as the adsorbate but modified by outgassing the system and the sample for one 
hour at 130»C. Preferably the surface area is in the range of from about 25 to about 350 square meters per 
gram. ASTM C 81 9-77 is, in its entirety, incorporated herein by reference. 

Inasmuch as it is desirable to essentially retain the filler in the precursor microporous sheet it is 
preferred that the substantially water-insoluble filler be substantially insoluble in the processing plasticizer 
and substantially insoluble in the organic extraction liquid when precursor microporous material is produced 
by the above process. 

The precursor microporous material comprises finely divided substantially water-insoluble siliceous 
filler, thermoplastic organic polymer which consists essentially of the UHMW polyolefin and optional 
materials in essentially the same weight proportions as those discussed above in respect of the stretched 
sheet. The residual processing plasticizer content is usually less than 5 percent by weight of the precursor 
microporous sheet and this may be reduced even further by additional extractions using the same or a 
different organic extraction liquid. 

Pores constitute from about 35 to about 80 percent by volume of the precursor microporous material In 
many cases the pores constitute from about 60 to about 75 percent by volume of the precursor 
microporous material. The porosity of th precursor microporous material, expressed as percent by volume 
is determined by the same procedure described above in respect of the stretched microporous material In 
all cases, the porosity of the microporous material is. unless impregnated after stretching, greater than that 
of the precursor microporous material. 

The volume average diameter of the pores of the precursor microporous material as determined by the 
mercury porosimetry method previously d scribed in respect of the stretched microporous material, is 
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usually in the range of from about 0.02 to about 0.5 micrometers. Frequently the average diameter of the 
pores is in the range of from about 0.04 to about 0.3 micrometers. From about 0.05 to about 0.25 
micrometers is preferred. 

The microporous material of the invention may be produced by stretching the precursor microporous 
5 material in at least one stretching direction to a stretch ratio of at feast about 1.5. In many cases the stretch 
ratio is at least about 1.7. Preferably it is at least about 2. Frequently the stretch ratio is in the range of from 
about 1.5 to about 15. Often the stretch ratio is in the range of from about 1.7 to about 10. Preferably the 
stretch ratio is in the range of from about 2 to about 6. As used herein and in the claims, the stretch ratio is 
determined by the formula: 
io S = U/Lt 

where S is the stretch ratio. L is the distance between two reference points located on the precursor 
microporous material and on a line parallel to the stretching direction, and Lz is the distance between the 
same two reference points located on the stretched microporous material. 

The temperatures at which stretching is accomplished may vary widely. In most cases, the stretching 

15 temperatures are in the range of from about 20°C to about 450°C. Often such temperatures are in the 
range of from about 50°C to about 400°C. From about 100°C to about 375°C is preferred. 

Stretching may be accomplished in a single step or a plurality of steps as desired. For example, when 
the precursor microporous material Is to be stretched in a single direction (uniaxial stretching), the 
stretching may be accomplished by a single stretching step or sequence of stretching steps until the 

20 desired final stretch ratio is attained. Similarly, when the precursor microporous material is to be stretched 
in two directions (biaxial stretching), the stretching can be conducted by a single biaxial stretching step or a 
sequence of biaxial stretching steps until the desired final stretch ratios are attained. Biaxial stretching may 
also be accomplished by a sequence of one or more uniaxial stretching steps in one direction and one or 
more uniaxial stretching steps in another direction. Biaxial stretching steps where the precursor microporous 

25 material is stretched simultaneously in two directions and uniaxial stretching steps may be conducted in 
sequence in any order. Stretching in more than two directions is within contemplation. It may be seen that 
the various permutations of steps are quite numerous. Other steps, such as cooling, heating, sintering, 
annealing, reeling, unreeling, and the like, may optionally be included in the overall process as desired. 
Various types of stretching apparatus are well known and may be used to accomplish stretching of the 

30 precursor microporous material according to the present invention. Uniaxial stretching is usually accom- 
plished by stretching between two rollers wherein the second or downstream roller rotates at a greater 
peripheral speed than the first or upstream roller. Uniaxial stretching can also be accomplished on a 
standard tentering machine. Biaxial stretching may be accomplished by simultaneously stretching in two 
different directions on a tentering machine. More commonly, however, biaxial stretching is accomplished by 

35 first uniaxially stretching between two differentially rotating rollers as described above, followed by either 
uniaxially stretching in a different direction using a tenter machine or by biaxially stretching using a tenter 
machine. The most common type of biaxial stretching is where the two stretching directions are approxi- 
mately at right angles to each other. In most cases where continuous sheet is being stretched, one 
stretching direction is at least approximately parallel to the long axis of the sheet (machine direction) and 

40 . the other stretching direction is at least approximately perpendicular to the machine direction and is in the 
plane of the sheet (transverse direction). 

After stretching has been accomplished, the microporous material may optionally be sintered, annealed, 
heat set and/or otherwise heat treated. During these optional steps, the stretched microporous material is 
usually held under tension so that it will not markedly shrink at the elevated temperatures employed, 

45 although some relaxation amounting to a small fraction of the maximum stretch ratio is frequently permitted. 
Following stretching and any heat treatments employed, tension is released from the stretched 
microporous material after the microporous material has been brought to a temperature at which, except for 
a small amount of elastic recovery amounting to a small fraction of the stretch ratio, it is essentially 
dimensionally stable in the absence of tension. Elastic recovery under these conditions usually does not 

so amount to more than about 10 percent of the stretch ratio. 

The stretched microporous material may then be further processed as desired. Examples of such 
further processing steps include reeling, cutting, stacking, treatment to remove residual processing plasti- 
cizer or extraction solvent, impregnation with various materials, fabrication into shapes for various end uses, 
and lamination to one or more backings of reinforcing fibers such as woven fabrics, knitted fabrics, or mats. 

55 The preferred reinforcing fibers are glass fibers, particularly in the form of glass fiber cloth or glass fiber 
mat. 

The invention is further described in conjunction with the following examples which are to be 
considered illustrative rather than limiting. 
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EXAMPLES 



Precursor She t Formation 



10 



The preparation of the above described materials is illustrated by the following descriptive examples 
Processing oil was used as the processing plasticizer. Silica, polymer, lubricant and antioxidant in the 
amounts specified in Table I were placed in a high intensity mixer and mixed at high speed for 30 seconds 
to thoroughly blend the dry ingredients. The processing oil needed to formulate the batch was pumped into 
the m.xer over a period of 2-3 minutes with low speed agitation. After the completion of the processing oil 
addition a 2 minute low speed mix period was used to distribute the processing oil uniformly throughout the 
mixture. 



75 Table I 

Example 



Formula t ions 



20 Ingredient 

UHMWPE (1), kg 
Polypropylene (2), kg 
Silica (3), kg 
25 Lubricants (4), g 
Antioxidant (5), g 
Processing Oil (6), kg 
in Batch 
at Extruder 

30 



5.67 


9.98 


4.25 


0 


0 


1.42 


19.96 


19.96 


19.96 


100 


100 


100 


100 


100 


100 


31.21 


31.21 


31.21 


13.61 


41.59 


30.39 



T^Sf 5£? cttlar Bel8ht uoo. 

as (2) Profax* 6801, Himont U.S.A., Inc. 

(3) HiSil# SBG, PPG Industries, Inc. 

(4) Petracf CZ81, Desoto, Inc., Chemical Speciality Division 

(5) Irganoxi? B-215, Ciba-Geigy Corp. division 

(6) Shellflex# 412, Shell Chemical Co. 



40 



45 



50 



55 



• The batch was then conveyed to a ribbon blender where it was mixed with up to two additional batches 
of the same composition. Material was fed from the ribbon blender to a twin screw extruder by a variable 
'It f W 'J * ,dlttonal processin 9 oil was add9d via a metering pump into the feed throat of the 
extruder. The extruder mixed and melted the formulation and extruded it through a 76.2 centimeter x 0 3175 
centimeter slot die. The extruded sheet was then calendered. The hot. calendered sheet was then passed 
around a chil roll to cool the sheet The rough edges of the cooled calendered sheet were trimmed by 
rotary knives to the desired width. y 
The oil filled sheet was conveyed to the extractor unit where it was contacted by both liquid and 
vaponzed 1.1.2-Wchloroeftylene (TCE). The sheet was transported over a series of roller in a serpen^ 
fashion to provide multiple, sequential vapor/liquid/vapor contacts. The extraction liquid in the sump was 
maintained at a temperature of 65-88-C. Overflow from the sump of the TCE extractor was returned to a 

1 i?J eC T red ^ TCE and P roc8ssin 9 °» «>use 'n the process. The bulk of the TCE was 
extracted from the sheet by steam as the sheet was passed through a second extractor unit. A description 
of these types of extractors may be found in European Patent Application Publication No. EP 0 191 615 the 
entire disclosure of which is incorporated h rein by reference, including especially the structures of the 
devces and thar modes of operation. The sheet was dried by radiant heat and convective air flow The 
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dried sheet was wound on cores to provide roll stock for further processing. 

The three precursor microporous sheets, as well as the hereinafter described biaxially stretched 
microporous sheets produced therefrom, were tested for various physical properties. Table II identifies the 
properties with the methods used for their determination. The various ASTM and TAPPI test methods and 
Method 502 C, referenced in Table II, are, in their entireties, incorporated herein by reference. The results 
of physical testing of the three precursor microporous sheets are shown in Table ill. 

Property values indicated by MD (machine direction) were obtained on samples whose major axis was 
oriented along the length of the sheet. TD (transverse direction; cross machine direction) properties were 
obtained from samples whose major axis was oriented across the sheet. 
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Property 



. Table II , 
Physical Test Methods 

Test Method 



Tensile Strength 
Elongation 

Porosity 

Matrix Tensile Strength 



Tear Strength, Die C 
Processing Oil Content 

Maximum Pore Diameter 

Volume Average Pore Diameter 

Gurley Air Flow 
Opacity 

Brightness 

Mullens Hydrostatic Resistance 

MVTR (Moisture Vapor 

Transmission Rate) 

Methanol Bubble Pressure 

Maximum Limiting Pore Diameter 

Heat Shrinkage 



ASTM D 412-83. 



As described in the text above* 

Tensile Strength determined in 
accordance with ASTM D 412-83 
multiplied by the quantity 
100/(100-Porosity). 

ASTM D 624-81. 

Method 502 C in "Standard Methods 
for the Examination of Water and 
Wastewater 11 , 14th Ed., APHA-AWWA- 
WPCF (1975). 

Mercury Porosimetry, as described in the 
,text above. 

Mercury Porosimetry, as described in 
the text above. 

ASTM D 726-58 (reapproved 1971) , Method A. 

TAPPI Standard T 425 (Contrast 
Ratio) using Illuminant C instead 
of Illuminant A. 

TAPPI Standard T 452. 

ASTM D 751-79, Sec. 30-34, Method A. 

ASTM. E 96-80. 



ASTM F 316-80, using methanol. 

ASTM F-3 16-80, using methanol 
where cy »22.34 (u m) (kPa) . 

ASTM D 1204-84, using 15.24 cm x 
20.32 cm sample, 1 hr at 100°C. 
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50 



Table III 

Physical Properties of Precursor Mlcroporous Sheet 



Example 



Thickness, mm 0.229 0.279 0.229 

Matrix Tensile Strength, MPa 

MD 23.82 34.33 25.66 

TD 9.94 14.91 10.38 

Elongation at Break, % 

MD 250 279 227 

TD 108 140 112 

Tear Strength, kN/m 

MD 36.25 61.47 47.81 

TD 18.04 39.93 23.12 

Porosity, vol% 71 66 68 

Processing Oil Content, wt% 4.1 2.7 2.4 

Maximum Pore Diameter, ym 0,86 0.30 0.28 

Volume Average Pore 

Diameter, p m 0.11 0.065 0.069 

Gurley Air Flow, sec/lOOcc 904 955 

Opacity, % 96.0 95.1 94.4 

Brightness, % 87.8 92.6 92.0 
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Biaxial Stretching of Precursor Microporous Sheet 

The precursor materials produced in Examples 1-3 were unwound from cores and biaxially stretched by 
first uniaxially stretching in the machine direction using a single stage roll-to-roll machine direction 
stretching (MDS) unit and then essentially uniaxially stretching in the transverse direction using a moving 
clip tenter frame as a transverse direction stretching (TDS) unit. A preheat roll was employed with the MDS 
unit to heat the sheet prior to stretching. In the TDS unit, the sheet was heated by infrared radiant heaters 
and the temperature was controlled in banks to provide a temperature profile along the length of the sheet 
and substantially constant film temperature across the sheet at any point For a description of a typical TDS 
unit see Figure 2 and column 2, lines 43-69, of United States Patent No. 2,823,421, the entire disclosure of 
which is incorporated herein by reference. The MDS stretch ratio was varied by controlling the relative 
peripheral speeds of the feed rolls and the takeoff rolls of the MDS unit. The chain track positions in the 
tenter frame were set to achieve the desired stretch ratio and then to essentially maintain that stretch ratio 
during sintering. For each of Examples 4-25, the settings of one of .the last four vertical columns in Table IV 
were employed. The correct column may be ascertained by matching up the TD stretch ratio of the 
example with the final stretch ratio of the column. 
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Table IV 
ISSSgveree Directs *+~- h1 ^ 



10 



15 



Zone 

Preheat 
Stretch I 
Stretch II 
Sinter I 
Sinter II 



emulative Length Along 
.Tenter Fr*™ Tracle , m J__ 



0 

3.048 
6.858 
10.668 
13.716 
16.764 



Transverse Stretch B fl «~f„ 



1 
1 



1 
1 



1 
1 



1.25 1.5 
2.5 3 



20 



2.5 
2.5 



3 
3 



1 
1 

2.5 

5 
5 
5 



25 



30 



17?*^^^ over t h ro(| Qf 

rato by maintaining the relative peripheral speeds on L f then 8tretehed to tne Seated stretS 

and the machine direction speed of the TDS unit tZ , , ' S "* output s P eed « the MDS unit 
m.croporous material to the MDS unrtwas ^ fMd rate from *• ro « *°<* of JSLS 

stretch ratio. Thus, with a line speed of 24 m/^n id a tn, 9 ?" ' ine S P eed div '«** by Z Zds 

roll stock to the MDS unit would be 12 nVm^h ° S Stretch ratio of 2 - *e linear feed rate from th 

stretched sheets are given in TabSs IT ^ ° f Severa < representative exempts 'of 2 y 



40 



45 



50 
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Example No. 

Thickness. 

Stretch Ratio 
MD 
TD 

Line Speed 
m/min 

MDS Preheat 
Temp., °C 

TDS Zone 
Temp, °C 

Preheat 

Stretch I 
177-166-177 
193-182-18 
193-185-193 

Stretch II, 

Sinter I 
149-127-149 
149-149-149 

Sinter II 
149-149-149 
204-204-204 
232-204-232 

260-260-260 

Weight, g/m 2 
Porosity, volZ 

Matrix Tensile 
Strength, MPa 
MD 
TD 

Elongation at 
break, % 
MD 
TD 



Table V 

Pr0?e i r !?!L l f Blax ^ 11 ^^^^ Microporous gh«»,- 
Produced fr om Precursor Sheet of E^ TTTT 

4 5 6 7 J 9^ 

0.178 0.152 0.127 0.076 0.076 0.102 



79 



X 



X 



27 
91 



57 
27 



2 
4 



3 
3 



3 
3 



79 



79 



79 



79 



79 



X 

24 
90 



X 

X 

17 
92 



14 
90 



X 
X 

14 
89 



10 
93 



3 
3 



79 



X 

14 
93 



56 
41 



60 
13 



67 
9 



26 
23 



23 
27 



34 
30 



3 
3 



48.8 24.4 24.4 24.4 24.4 24.4 24.4 24.4 



79 



149 177 177 149 149 149 177 149 
X x 

X X X 



X 



X 

14 

93 



toll lilt a'il 2"X IV 52 62 ' 74 67 - 77 

29.30 65.76 46.54 61.99 45.41 43.93 57.62 



18 
31 



3 
4 



24.4 
79 

177 
X 



10 
91 



56.69 
55.77 



33 
12 
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Tfl ble V (continued) 
Properties of Biaxiallv Str o bed Microp ore si,,-*. 
produced from Precursor SW t of Example 1 



Example No. 



10 



11 



Tear Strength, 
kK/m 
MD 
TO 

Gurley Air 

Flow, 

sec/lOOcc 

Mullens 

Hydrostatic, 

kPa 



9.28 5.78 7.01* 3.85 
4.90 4.90 7.01 8.23 



MVT|, 
g/m day 



47 



483 



935 



Methanol 
Bubble Point 
Pressure, kPa 290 



45 



434 



40 



490 



29 



448 



276 



296 



234 



2.28 
7.53 



32 



476 



5.08 6.30 
1.93 4.38 



28 



503 



145 276 



Maximum 
Limiting Pore 

Diameter, urn 0.077 0.081 0.075 0.095 0.154 0.081 

Maximum Pore 
Diameter, u m 



Volume Average 
Pore Diameter, 
u m 

Heat Shrinkage . 

after 1 hr at 

100°C„ Z 
MD 19.0 
*D 23.2 



9.4 12.0 
22.5 28.3 



37 



496 



878 



155 



19.3 24,1 
25.7 29.1 



5.60 
4.55 



28 

434 
963 

55 



5.08 
4.73 



36 



510 



317 



0.406 0.070 



21.2 
30.8 



45 



50 



thickness. or either of tne se <*ons looking into the 
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Example No. 




Sickness, mm 0 , 203 0>15 ~~ *L 

Stretch*^ 



Stretch Ratio 
MD 
ID 

Line Speed 
o/min 

MDS Preheat 
Temp., 8 c 

TDS Zone 

Temp., »c 
Preheat 
Stretch I 
177-166-177 
193-182-193 
Stretch II 

149-127-149 
149-149-149 
149-135-149 
Sinter I 

149-127-149 
149-149-149 
149-135-149 
204-191-204 
Sinter II 

232-204-232 
260-246-260 
316-316-316 



2 

2.5 



2 
3 



24.4 24.4 
104 104 



177 
X 

X 



177 
X 

X 
X 



X 

44 
86 



24 
90 



Weight, g/m 2 

Porosity, vol% 

Matrix Tensile 
Strength, MPa 

® 52 '94 61.50 

10 44.47 67.98 



2 
3 



24.4 
121 

149 
X 

X 

X 
X 



2 
3 



24.4 
79 

149 

X 

X 

X 



X 



2 
4 



15.2 

121 

149 
X 

X 

X 

X 



24 
90 



36.61 
109.54 



3 
3 



24.4 
104 

177 
X 

X 
X 

X 

17 
92 



96.18 
54.39 



3 
3 



24.4 
121 

149 

X 

X 

X 
X 



3 
3 



24.4 
79 

149 
X 

X 

X 
X 



21 
0.203 



3 
4 



15.2 
121 

149 
X 

X 



X 

X 

31 
90 



37.23 
117.21 
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Table VI (continued) 
Pr pertles of Blaxially Stretched Mlcroporous Materials 
Produced from Precursor Sheet of Example 2 

Example Mo. 13 14 15 16 17 18 19 20 21 



70 Elongation at 
Break, % 
MD 
TD 



25 



30 



35 



40 



45 



58 
51 



Tear Strength, 
5 kN/m 

MD 20.31 
TD 



20 Gurley Air Flow, 

sec/lOOcc 81 



Mullens 
Hydrostatic, 
kPa 

2 

MVTR, g/m day 

Methanol Bubble 
Point Pressure, 
kPa 



Maximum Pore 
Diameter, u m 

Volume Average 
Pore Diameter, 
y m 

Heat Shrinkage 

after 1 hr at 

100°C, % 
MD 11.7 
TD 24.4 



54 
39 



25 
15 



41 
16 



87 
9 



31 
42 



12.61 17.51 



13.31 12.78 21.02 
40 



6.13 13.13 12.26 
7.18 11.03 9.11 



745 689 



676 
868 



496 
761 



46 



745 



290 303 



Maximum 
Limiting Pore 

Diameter, urn 0.077 0.074 



303 



45 

717 
947 

365 



111 



7.13 



0.074 0.061 



> 146 



4.70 



3.8 
23.6 



7.1 
11.8 



12.3 
22.0 



13 
16 



19 
16 



8.41 5.95 
5.25 7.53 



111 
7 



18.56 
19.44 



641 
913 



503 
827 



52 



703 



290 



0.077 



15.3 
34.1 



6.3 
18.9 



7.7 
21.5 



50 
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The biaxially stretched microporous sheet of Example 18 was examined by scanning electron micro- 
scopy at a magnification of 430X. A section taken in a plane perpendicular to the sheet surface (viz., looking 
into the thickness) and along the machine direction showed substantial pore elongation. A section taken in a 
plane perpendicular to the sheet surface and along the transverse direction showed pore elongation which 
was not as pronounced as along the machine direction. A view of the sheet surface (not sectioned) showed 
that large void structures were not as numerous as in views of either of the sections looking into the 
thickness. 
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Table VII 

Properties of Biaxially Stretctied Mier onm-mia Sheets 

D«aJ.... J C TV ' ' - ~ ' ■■! ■ ^1 I I ■ — 



Example No. 


22 


23 


24 


25 


Thickness, mm 


0.178 


0.102 


0.127 


0.102 


Stretch Ratio 
MD 
TD 


2 
3 


2 
3 


3 
3 


3 
3 


Line Speed, m/min 


24.4 


24.4 


24.4 


24.4 


MDS Preheat Temp., °C 


70 


79 


79 


79 


TDS Zone Temp., °C 
Preheat 
Stretch T 

177-166-277 
193-182-193 
Stretch II, Sinter I 
149-127-149 
149-149-149 


177 
X 

X 


149 
X 
X 


177 
X 

X 


177 
X 

X 


Sinter II 
232-204-232 
260-260-260 


X 


X 


X 


X 


Weight, g/m 2 
Porosity, vol% 


27 
90 


91 


90 


27 
92 


Matrix Tensile Strength, MPa 
MD 29.58 
TD 117.76 


52.94 
44.43 


77.84 
32.96 


109.89 
39.91 


Elongation at Break, % 
MD 
TD 


90 
9 


47 
24 


27 
32 


17 
30' 


Tear Strength, kN/m 
MD 
TD 


15.41 
21.02 


10.51 
5.43 


15.24 
4.20 


7.18 
3.50 
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Table VII (continued) 
Properties of Biaxially Stretched Mlcroporous Sheets 
Produced from Precursor Sheet of Example 3 

Example No. 22 23 ■ 24 25 



Gurley Air Flow, 

sec/lOOcc 56 33 36 

Mullens Hydrostatic, lcPa 552 655 641 586 

MvTR, g/m 2 day 843 815 862 982 

Methanol Bubble Point 

Pressure, kPa 303 276 317 
Maximum Limiting 

Pore Diameter, urn 0.074 0.081 0.070 

Heat Shrinkage after 

1 hr at 100°C, % 

MD 24.1 16.5 26.4 

XD 40.1 31.4 34.8 

Although the present invention has been described with reference to specific details of certain 

embodiments thereof, it is not intended that such details should be regarded as limitations upon the scope 

of the invention except insofar as they are included in the accompanying claims. 



Clafms 

1. Mlcroporous material comprising: 

(a) a matrix consisting essentially of essentially linear ultrahigh molecular weight polyolefm which is 
essentially linear ultrahigh molecular weight polyethylene having an intrinsic viscosity of at least about 18 
deciliters/gram, essentially linear ultrahigh molecular weight polyolefin having an intrinsic viscosity of at 
least about 6 deciliters/gram, or a mixture thereof; said matrix comprising regions of stretch-induced 
molecuiarly oriented ultrahigh molecular weight polyethylene distributed throughout said matrix, 

(b) finely divided particulate substantially watesr-insoiuble siliceous filler distributed throughout said 
matrix, said filler constituting from about 50 percent to about 90 percent by weight of said microporous 

material, and . 

(c) a network of interconnecting pores communicating throughout said microporous material, said 

pores constituting more than 80 percent by volume of said microporous material. 

2. The microporous material of claim 1 wherein said essentially linear ultrahigh molecular weight 
polyolefin is essentially linear ultrahigh molecular weight polyethylene having an intrinsic viscosity of at 
least about 18 deciliters/gram. 

3. The microporous material of claim 2 wherein said ultrahigh molecular weight polyethylene has an 
intrinsic viscosity in the range of from about 18 to about 39 deciliters/gram. 

4. The microporous material of claim 2 wherein said filler constitutes from about 50 percent to about 85 
percent by weight of said microporous material. 

5. The microporous material of claim 2 wherein said filler is silica. 

6. The microporous material of claim 2 wherein said inorganic filler is precipitated silica. 

7. The microporous material of claim 6 wherein said precipitated silica has an average ultimate particle 
size of less than about 0.1 micrometer, 

8. The microporous material of claim 2 wherein the volume average diameter of said pores as 
determined by mercury porosimetry is in the range of from about 0.6 to about 50 micrometers. 
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9. The microporous materia! of claim 2 wherein said pores constitute from about 85 percent to about 95 
percent by volume of said microporous material. 

10. The microporous material of claim 2 which is in the form of a thin sheet, film, or tube having a 
thickness across said microporous materia! in the range of from about 0.03-to about 0.25 millimeter. 

5 11. The microporous material of claim 10 which exhibits high degrees of suppleness and softness to the 
touch. 

12. The microporous material of claim 2 which is laminated to at least one backing of reinforcing fibers. 

13. The microporous material of claim 12 wherein said reinforcing fibers are glass fibers. 

14. A method comprising stretching precursor microporous material in at least one stretching direction 
w to a stretch ratio of at least about 1 .5, said precursor microporous material comprising: 

(a) a matrix consisting essentially of essentially linear ultrahigh molecular weight polyolefin which is 
essentially linear ultrahigh molecular weight polyethylene having an intrinsic viscosity of at least about 18 
deciliter/gram, essentially linear ultrahigh molecular weight polypropylene having an intrinsic viscosity of at 
least about 6 deciliters/gram, or a mixture thereof, 
15 (b) finely divided particulate substantially water-insoluble silicone filler distributed throughout said 

matrix, said filler constituting from about 50 percent to about 90 percent by weight of said precursor 
microporous material, and 

(c) a network of interconnecting pores communicating throughout said precursor microporous 
material, said pores consisting from about 35 percent to about 80 percent by volume of said precursor 

20 microporous matertal.to produce stretched microporous material which is dimensionally stable at room 
temperature, which has a stretch ratio in said stretching direction of at least about 1.5, and which 
comprises: 

(d) a matrix consisting essentially of said essentially linear ultrahigh molecular weight polyolefin, said 
matrix of said stretched microporous material comprising regions of stretch-induced molecularly oriented 

25 ultrahigh molecular weight polyolefin. distributed throughout said matrix of said stretched microporous 
material, 

(e) said filler distributed throughout said matrix of said stretched microporous material, and 

(f) a network of interconnecting pores communicating throughout said stretched microporous material, 
said pores of said stretched microporous material constituting more than 80 percent by volume of said 

30 stretched microporous material. 

15. The method of claim 14 wherein said essentially linear ultrahigh molecular weight polyolefin is 
essentially linear ultrahigh molecular weight polyethylene having an intrinsic viscosity of at least about 18 
deciliters/gram. 

16. The method of claim 15 wherein said ultrahigh molecular weight polyethylene has an intrinsic 
as viscosity in the range of from about 18 to about 39 deciliters/gram. 

17. The method of claim 15 wherein said filler constitutes from about 50 percent to about 85 percent by 
weight of said precursor microporous material and of said stretched microporous material. 

18. The method of claim 15 wherein said filler is silica. 

19. The method of claim 15 wherein said inorganic filler is precipitated silica. 

40 . 20. The method of claim 19 wherein said precipitated silica has an average ultimate particle size of less 
than about 0.1 micrometer. 

21. The method of claim 15 wherein the volume average diameter of said pores of said stretched 
microporous material as determined by mercury porosimetry is in the range of from about 0.6 to about 50 
micrometers. 

45 22. The method of claim 15 wherein said pores of said stretched microporous material constitute from 
about 85 percent to about 95 percent by volume of said stretched microporous material. 

23. The method of claim 15 wherein said precursor microporous material is stretched in one direction. 

24. The method of claim 15 wherein said precursor microporous material is stretched in at least two 
different directions. 

so 25. The method of claim 24 wherein said precursor microporous material is stretched to a stretch ratio 
of at least about 1 .5 percent in each of said two different directions. 
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